Background: Staphylococcus aureus strains that are Panton-Valentine leukocidin (PVL) positive cause severe skin and soft tissue infections as well as necrotizing pneumonia. The presence of PVL gene is a marker for methicillin-resistant S. aureus; therefore, survey on prevalence and phylogenetic distribution of PVL is of great importance for public health. The aim of this research was molecular epidemiology survey of S. aureus PVL positive, isolated from two tertiary hospitals of Sanandaj. Materials and Methods: A total of 264 staphylococci isolates were collected from clinical specimens, hospital personnel and hospital environment of two tertiary hospitals of Sanandaj, in 2012 (Toohid and Besat). Bacterial cultures and biochemical tests were performed for S. aureus detection. Then, polymerase chain reaction (PCR) and repetitive sequence-based PCR (rep-PCR) were used for the determination of prevalence and molecular epidemiology of S. aureus PVL, respectively. Data were analyzed using the Fisher's exact test (P < 0.05). Results: From 264 staphylococci isolates, 88 (33.33%) were detected as S. aureus. Furthermore, 20 out of 88 (22.72%) strains of S. aureus were PVL positive according to PCR results. Rep-PCR showed six main clusters of S. aureus samples. PVL had similar clonality between different samples. No signifi cant relationship was observed between PVL positive S. aureus and rep-PCR patterns (P = 0.98). Conclusion: These results showed that a clone of S. aureus PVL positive has spread between the community and hospital settings. Therefore, appropriate measures are required to prevent the spread of staphylococci and other bacteria in hospitals.
Introduction
Staphylococcus aureus is a Gram-positive bacterium that is associated with clinical syndromes such as skin and soft tissue infections (SSTIs), surgical infections, and invasive diseases. These bacteria produce different toxins and adhesion factors that are their virulence factors. [1, 2] One of these virulence factors is Panton-Valentine leukocidin (PVL) that is composed of two components (lukS-PV and lukF-PV). PVL is encoded by the lukS-PV and lukF-PV genes. S. aureus PVL is a hetero-oligomeric pore-forming cytotoxin and has effect on monocytes, macrophages, and human polymorphonuclear leukocytes. [3, 4] Strains of S. aureus which carry PVL gene often cause severe SSTIs, necrotizing pneumonia, and sepsis. Furthermore, the presence of PVL gene is a possible marker for community-associated methicillin-resistant S. aureus (CA-MRSA) strains. [5] Forasmuch as methicillin is the drug of choice for treatment of S. aureus infections, methicillin resistance in this bacterium, will complicate the treatment. [6] The risk of S. aureus infection is high in hospitals, and studies have shown that MRSA isolates with PVL-positive have emerged from hospitals and are increasing among patients. [2] On the other hand, polymerase chain reaction (PCR) is a rapid and versatile in vitro method for identifi cation of bacteria, which amplifi es target DNA sequences, present within a source of DNA. This method allows for selective amplifi cation of a specifi c target DNA sequence. [7] In addition, repetitive extragenic palindromic (Rep)-PCR is a technique that is used to discriminate among bacterial species or strains of the same species. This technique includes the application of oligonucleotide primers based on families of short and highly conserved extragenic repetitive sequences. [8] [9] [10] Different studies have shown the prevalence of PVL toxin in S. aureus based on the molecular methods: Portillo et al. in Colombia by pulsed-fi eld gel electrophoresis and multilocus sequence typing, showed that out of 270 CA-MRSA strains isolated from patients, 92% possessed the lukF-PV/lukS-PV genes. [11] In another study using the PCR method, Mine et al. in Japan reported that from 247 clinical samples with SSTI S. aureus infection, 6.2% were PVL-positive strains. [12] Elizur et al. in the USA showed by the rep-PCR that PVL-positive S. aureus transmitted between patients with cystic fi brosis and PVL isolated from the patients during their hospitalization and also their siblings were highly homologous. [13] Since the molecular epidemiology survey is importance in detecting and preventing the spread of bacteria, the aim of this study is determining the prevalence and molecular epidemiology of isolated S. aureus from samples that were obtained from two tertiary hospitals of Sanandaj, located in Kurdistan province, Iran.
Materials and Methods

Samples
In this descriptive cross-sectional study, 264 staphylococci isolates were collected from April to March of 2012 from laboratories of two tertiary hospitals of Sanandaj city; Toohid and Besat, that are general government referral hospitals (122 isolates from Toohid and 142 isolates from Besat), Kurdistan province, Iran. 117 isolates were taken from clinical specimens including urine (60 samples), wound (12 samples), abscess (8 samples), blood (20 samples) and cerebrospinal fl uid (CSF) (2 samples), respiratory tube (5 samples) and biopsy (1 sample). In this case, we did not directly contact with patient population, patient specimens that were collected previously were studied. However, our inclusion criteria including hospitalized patients in different clinical departments and in all age groups in both hospitals, that their culture samples were positive for staphylococci bacteria. Furthermore, 45 were collected from hospital personnel who were commuting between different wards of hospital, including (15 samples), nose swab (10 samples), and nasopharyngeal swab (20 samples). On other hand, 102 isolates were related to hospital environment and were taken from medical devices that used for patients' treatment in different wards. These devices including laryngoscope blades (30 samples), patient bed (35 samples), suction tank (17 samples), nebulizer (5 samples), and tourniquet (15 samples). All samples were taken from different wards including surgery (70 samples), pediatric (50 samples), internal (100 samples), and cardiac (44 samples) [Flow Chart 1].
Staphylococcus aureus detection
Samples were transferred to the laboratory of Microbiology Department of Faculty of Medicine of Kurdistan University of Medical Sciences, located in the city of Sanandaj, Iran. The above-mentioned isolates were diagnosed as S. aureus in the laboratory of microbiology by a standard microbiological procedure before the start of examinations as follows: At fi rst, isolates were incubated at 37°C for 24 h on blood agar, then tube and slide coagulase, catalase, and DNase tests and manitol fermentation were performed on them. Also, the PCR was applied for thermonuclease (nuc) gene for S. aureus confi rmation as a gold standard. [14] DNA extraction DNAs of S. aureus samples were extracted from bacterial colony using CinnaPure DNA extraction kit according to the manufacturer's instructions (SinaClon, Iran). Finally, the purifi ed DNA was used for PCR.
Polymerase chain reaction assay
The following primers were used for the PCR assay; 5'-GTGGTCCATCAACAGGAGGT-3' and reverse; 5'-CCTCCACCTGATAAGCCGTT-3', 968 bp (SinaClon, Iran) (lukS-PV-lukF-PV). S. aureus strains NCTC 13300 was used as positive control for PVL gene and distilled water as negative control. DNA amplifi cation was performed on an Eppendorf thermocycler in a fi nal volume of 25 μL containing; 2 μL of each primer, 3 μL of template DNA, 5.5 μL distilled water, and 12.5 μL master mix. Amplifi cation parameters were performed in initial denaturation at 95°C for 5 min at 1 cycle, followed by 35 cycles of denaturation at 95°C for 45 s, annealing at 57°C for 45 s, and extension at 72°C for 1 min, with fi nal extension at 72°C for 10 min at 1 cycle. [14, 15] Repetitive-polymerase chain reaction assay
The rep-PCR in this study was performed using forward; rep 1R-I, 5'-IIIICGICG ICATCIGGC-3' and rep 2-I, 5'-ICGICTTATCIGGCCTAC-3'. 25 μl volumes containing 1 μl template DNA, 1 μl of each primer, 12.5 μl master mix and 9.5 μl distilled water. The rep-PCR amplifi cation conditions for rep primer were the following: Initial denaturation at 94°C for 2 min, and 35 cycles of denaturation at 92°C for 1 min, annealing at 40°C for 1 min, extension at 65°C for 8 min and fi nal extension at 65°C for 8 min. [14] Composed matrix of 0 and 1 After electrophoresis, the presence or absence of bands were determined using Jaccard similarity with the numbers 0 and 1 for the isolates, respectively. Detection of bands and dendrogram was performed by averaged similarity of the matrix with the use of the algorithm of the Unweighted Pair-Group Method in the SAHN program of the NTSYSpc version 2.02 (Rohlf FJ, 1999, Numerical Taxonomy and Multivariate Analysis System, Setauket, New York, USA, Exeter Software). Joining the nearest neighbor clustering method was used to detect the relationships among the analogous groups. [14] Statistical analysis Data were obtained from this study were analyzed using SPSS software (Statistical Package for the Social Sciences, version 16.0, SPSS Inc, Chicago, Illinois, USA). For this purpose, descriptive statistics were used to determine the frequency and percentage, we used Chi-square and Fisher's exact test to compare qualitative variables (P < 0.05). 
Results
Staphylococcus aureus detection results
Polymerase chain reaction assay results
Of 88 strains of S. aureus that were examined for PVL gene by the PCR method (PCR products were confi rmed using the positive control S. aureus strains NCTC 13300 [lukS-PV-lukF-PV]), 20 (22.72%) were PVL-positive. Results showed that the isolated PVL-positive strains were related to hospital personnel (5 samples; 5.68%), environmental samples (5 samples; 5.68%), and clinical specimens (10 samples; 11.36%), respectively [ Figure 1 ].
Repetitive-polymerase chain reaction assay results
The rep-PCR profi les grouped 88 samples into 6 main clusters (C1-C6) with 77 patterns. 25% of similarity was observed between groups [ Figure 2 ]. Nineteen patterns were PVL positive. PVL had a similar clonality among clinical specimens, hospital personnel and the environment. All the results from the rep-PCR are presented in Table 1 . No signifi cant relationship was observed between PVL positive S. aureus and rep-PCR patterns (P = 0.98).
Discussion
CA-MRSA that carries PVL has become a global problem in the fi eld of health. [16] The PCR method in this study showed that out of 88 strains of S. aureus, 22.7% were PVL carriers. Abimanyu et al. in India in 2013 using Triplex PCR for the detection of PVL MRSA in 100 clinical isolates of Staphylococcus spp. [17] reported that 10 out of 25 (40%) MRSA isolates were positive for PVL gene, which was higher than the results of this study. S. aureus gained resistance to antibiotics and spread within the hospital environment, so the prevalence rate of resistant S. aureus is relatively high. [15] Also, differences in rates of prevalence are possibly due to different geographical areas and the type of assay used to diagnose the gene, as well as hygiene in hospitals. [18, 19] In another study, Ohadian Moghadam et al. in Iran by the PCR assay, showed that out of 56 isolated S. aureus that were collected from the abscess and wound of patients in hospitals of the city of Isfahan, 14.3% were PVL positive. [18] In the present study as well, clinical specimens such as urine, wound, abscess, blood, and CSF were examined, and PVL positive S. aureus were higher in urine and blood compared to other clinical specimens. S. aureus that harbors PVL gene is the major cause of SSTIs (such as furuncle and abscess). [1] On the other hand, S. aureus causes urine and blood infections, and different studies have reported the prevalence of PVL positive S. aureus to be high in blood and urine isolates. [20] Rastegar Lari et al. in Iran reported the prevalence of PVL among hospital staff by nasal carriers and using the PCR assay. [21] In Rastegar Lari's study, among 270 nasal swabs, 14 (19%) had PVL gene. Results in this study showed that 5.18% and 4.20% PVL positive isolates were related to personnel nasal and environmental samples, respectively. Bacterial genes are mobile among isolates and spread among different environments and people. Therefore, it is possible that a different mechanism of gene transfer, such as horizontal gene transfer, be the reason for transfer of these genes between serotypes. In addition, genetic changes cause bacteria transmission in different areas. [21] [22] [23] [24] In the present study, the rep-PCR was used to detect relationships between bacteria species or strains of the same species. Also, the predominate cluster was H4 with 32 patterns. Church et al. in Canada by the rep-PCR in 54 MRSA isolates detected seven groups. In this study, the rep-PCR showed seven main clusters among 88 samples of S. aureus. [25] Studies have shown that the rep-PCR is a partial, good, rapid and reliable method for bacteria identifying, outbreak screening, molecular typing, genomic fi ngerprinting, and proving relationships within and among bacteria strains, which can be used in epidemiological studies of microbial infections and infection control. [9, 10, [25] [26] [27] Studies have shown that rep-PCR is a partial good, rapid, and reliable method in screening during outbreaks, molecular typing, genomic fi ngerprinting and confi rming the connection between bacteria and different types of bacteria species. This method can be used in epidemiological studies related to bacterial infections, as well as infection control. Also, Abdel-Haq et al. in the USA in 2009, using the PCR reported that from 93 patients with community-onset MRSA, 87.1% carried PVL gene; while the rep-PCR in Abdel-Haq's study showed different patterns of isolates with PVL. Gene expression in S. aureus is controlled by regulator genes; therefore, the distribution of types of S. aureus with similar genes in strains, according to different origins and sources is different. [28] In this study, there was not any relationship between the rep-PCR patterns and the S. aureus PVL positive samples (P > 0.05). The aim of molecular typing via rep-PCR in this research was the detection of S. aureus PVL positive in different clones. Twenty PVL positive samples were in H1, H2, H5 and H6 clusters which represent a common origin. In the end, strengths of this study were; large numbers of samples, different sources of samples, valid method and diagnostic criteria, functionality, and ease of implementation, as well as its low cost. But, the weaknesses of this study can be limitations in sampling and number of samples due to the lack of time and fi nancial resources. In addition, possible contamination in laboratories could cause false results in bacteria detection, in both phenotypic and molecular methods. In the PCR, determining qualitative results is only possible postreaction, and in this method, it is possible for some of target sequences to not become amplifi ed. In addition, the proliferation of large DNA sequences is not possible in this method, and it is likely to proliferate sequences other than the target sequence, which will lead to false results. PCR reaction is inhibited by the presence of certain chemicals such as ethanol, phenol, and isopropanol. Therefore, the occurrence of these problems in the reaction should be prevented. It is hoped that the results of this research, would be applied for infection control in different wards of hospitals.
Conclusion
These results showed the presence of PVL in S. aureus isolates with different origins and spread of this bacterium that contains PVL. Using phenotypic tests for isolates cannot distinguish the isolates containing PVL; therefore, molecular methods are used for detection of S. aureus isolates that have PVL. On the other hand, PVL is one of the prominent virulence factors of this bacterium and by early diagnosis of this disease; it is possible to prevent its transfer and fatal prevalence. Despite the prevalence of S. aureus, detection of its reservoir and fi nding appropriate methods for preventing its spread must be considered.
